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Abstract. Rain is the major source o f  attenuation for 
microwave propagation above 10 GHz. In tropical and 
equatorial regions where the rain intensity is higher, 
designing a terrestrial and earth-to-satellite microwave 
links is very critical and challenging at these frequencies. 
This paper presents the preliminary results o f rain effects 
in a 23 GHz terrestrial point-to-point communication link 
1.3 km long. The experimental test bed had been set up at 
Skudai, Johor Bahru, Malaysia. In this area, a monsoon 
equatorial climate prevails and the rainfall rate can reach 
values well above 100 mm/h with significant monthly and 
diurnal variability. Hence, it is necessary to implement 
a mitigation technique for maintaining an adequate radio 
link performance for the action o f very heavy rain. Since 
we now know that the ULPC (Up Link Power Control) 
cannot guarantee the desired performance, a solution 
based on frequency band diversity is proposed in this pa­
per. Here, a secondary radio link operating in a frequency 
not affected by rain (C band for instance) is placed paral­
lel with the main link. Under no rain or light rain condi­
tions, the secondary link carries without priority radio 
signals. When there is an outage o f the main link due to 
rain, the secondary link assumes the priority traffic. The 
outcome o f the research shows a solution for higher oper­
ating frequencies during rainy events.
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1. Introduction
The evaluation of system availability due to rain at­
tenuation in a line-of-sight radio link is normally based on 
the annual cumulative distribution of precipitation rate for 
terrestrial and earth-to-satellite link [1]-[3]. However, in 
equatorial climates the monthly and even the diurnal vari­
ability of rain must be taken into account. This problem is
particularly critical in regions where the rainfall can reach 
higher levels during the monsoon season. In this context, it 
must be pointed out that Malaysia is located in the equato­
rial region and is surrounded by extensive amount of water 
with heavy rainfall through-out the year and the precipita­
tion distribution is patterned by monsoon activities. During 
the monsoon period, the rain is characterized by a sequence 
of bands of intense convective precipitation followed by 
intervals of stratiform precipitation. As a consequence, 
besides the monthly variability, a concentration of intense 
rain is also observed at specific hours of the day. Keeping 
in mind the need for solutions to improve the performance 
of radio systems in monsoon climate environment, this 
paper deals with the analysis of the variability of rainfall 
rate and rain attenuation in the equatorial monsoon climate 
of Malaysia.
2. Experimental Set-up
A 23 GHz radio link, 1.3 km long, was set up in Sku- 
dai, Johor Bahru, Malaysia. The received signal level was 
observed simultaneously with precipitation rate measure­
ments using a 0.2 mm tipping bucket rain gauge placed in 
an open area near the experimental site. Rain measure­
ments were collected for thirteen months from June 2011 
till June 2012 with one minute interval for each day using 
data logger. Fig. 1 shows the block diagram of this experi­
mental set-up.
Fig. 1. Block diagram of the experimental set-up (test bed).
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3. Characterization of the Monsoon 
Period
From the analysis carried out here, the rain shower 
can be classified according to its rate of fall as shown in 
Tab. 1. The Malaysian meteorological department recom­
mendation has been used for this classification. Tab. 2 
displays the recorded precipitation intensity in percentage 
for various rain types from June 2011 to June 2012. 
Clearly the monsoon period is between October and De­
cember with a maximum rainfall in the latter month. 
A pictorial view of the rain behavior in this period is illus­
trated in Fig. 2.
Rain type Precipitation rate R  (mm/h)
Slight rain
R  < 2 mm/h 
2 mm/h < R  < 10 mm/h
Moderate rain 10 mm/h < R  < 50 mm/h
Heavy rain 50 mm/h < R  < 100 mm/h
Tab. 1. Rain types.
Month < 2 
mm/h 
(Very 
slight rain)
2-10
mm/h
(Slight
rain)
10-50
mm/h
(Moderate
rain)
> 50 
mm/h 
(Heavy 
rain)
>100
mm/h
(Very
heavy
rain)
JU N E’11 10.8 16.0 3.3 2.2 0
JU LY ’11 7.5 6.7 6.3 1.8 0
A UG’11 8.1 9.1 8.2 1.5 0
SEPT’11 15.5 19.1 10.5 3.3 0
OCT’11 10.5 7.8 15.7 21.2 20.6
N O V ’11 23.0 16.3 38.1 44.7 35.3
DECE’11 24.6 25.1 17.8 25.3 44.1
JA N ’12 18.5 16.0 14.5 10.5 20.0
FEB ’12 15.0 11.0 10.0 5.5 12.0
M A R’12 11.0 10.5 8.0 3.0 5.0
A PR’12 12.2 8.5 6.5 2.5 0
M A Y ’12 10.0 9.5 7.0 1.5 0
JU N E’12 9.5 15.0 4.0 2.0 0
Tab. 2. Recorded rain fall intensity in percentage from June 
2011 to June 2012.
4. Results and Discussion
4.1 Seasonal Variability
The rainfall rates exceeding 0.1% and 0.01% of time 
will be used as a reference in the analysis that is carried out 
in this section. The monthly cumulative distribution of the 
rainfall rate from June 2011 to June 2012 is presented in 
Fig. 3. The rain rate values corresponding to the month of 
December and the average distribution can be derived from 
this figure. These values are shown in Tab. 3 together with 
four years measurements carried out at the same location 
[4]. It is observed in Fig. 3 that the annual average distri­
bution practically coincides with the average values from 
June 2011 to June 2012.
Fig. 3. Monthly rainfall rate cumulative distribution for Johor 
Bahru.
Period o f reference
Percentage o f  time % the rain 
rate (mm/h) exceeds
0.1 0.01
December 2011 84 144
Average distribution 
(June 2011 to June 2012)
60 120
Four years distribution 59 125
Fig. 2. Recorded rainfall trend in percentage for various rain 
types.
Tab. 3. Quantiles distribution o f  rain rate [6].
The rain attenuation for the same periods referred to 
in Tab. 3 was evaluated, taking as a reference a model 
recently derived by Assis [5]. The results are shown in 
Tab. 4. On the other hand, a preliminary evaluation of rain 
attenuation for the precipitation rates of 60 mm/h and 
90 mm/h has shown values of 15 dB and 30 dB. These 
values are in tandem with the theoretical evaluation for the 
last two lines in Tab. 4. Additionally, it is observed that 
there is a difference of 5 dB ~ 6 dB with the corresponding 
attenuation values for December.
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Period o f  reference
Percentage o f time % the 
rain attenuation (dB) 
exceeds
0.1 0.01
December 2011 23.7 37.1
Average distribution 
(June 2011 to June 2012)
17.8 31.9
Four years distribution 17.5 33.0
Tab. 4. Rain attenuation after Assis model [5].
As a consequence of the above results, it is clear that 
there is a pivotal need of an engineering solution to over­
come the higher attenuation during the worst monsoon 
month. Two solutions can be considered:
(i) Up-link power control (ULPC) [7] -  possibly the 
most adequate for case in question once a margin of 
5 dB is not excessive. However, it must be pointed 
out that, this technique is not viable for higher mar­
gins;
(ii) Frequency band diversity (FBD) -  a solution which is 
currently being developed by the first author in his 
doctoral thesis at University Technology Malaysia 
(UTM).
In the FBD solution a parallel radio link operating in 
a frequency not affected by rain (5.8 GHz in the case of 
UTM development) is placed in parallel with the main link. 
When there is an outage of the main link due to rain, the 
secondary link assumes the priority traffic. Although more 
expensive than the ULPC, it has an inherent advantage of 
having free channel when there is no critical rain effects. 
Hence, this channel can be used for secondary transmis­
sions without priority.
the problem of rain attenuation. It should be pointed out 
that the worst period in the afternoon hours was also 
observed in the Amazon region of Brazil [6].
Time Intensity o f  rain Percentage
1.00 -  7.00 
pm
50 ~  160 mm/h 70 %
Breakdown
1.00-3.00
pm
50 ~  80 mm/h 15%
3.00-4.00
pm
>100 mm/h 30%
5.00-6.00
pm
Maximum ~ 
160 mm/h
25%
Other
periods
< 100 mm/h 30%
Tab. 5. Diurnal variability.
5. Conclusions
The study carried out in this paper has evidenced the 
importance of taking into account the rainfall behavior 
during the monsoon period in Malaysia. Both the monthly 
and diurnal variability were considered. Engineering solu­
tions which are considered adequate to solve this problem 
is the well-known ULPC and the frequency band diversity 
(FBD) as proposed here. It should be noted that the ULPC 
solution is not viable to compensate a rain margin higher 
than 5 dB ~ 6 dB above the attenuation values based on the 
annual distribution [10]. In such a case, the FBD appears as 
a better solution [11]. Of course, this problem is also ob­
served in other countries where the monsoon equatorial 
climate prevails. It is hoped that the proposed FBD solu­
tion would also help them to improve the performance of 
their radio links.
4.2 Diurnal Variability
Tab. 5 shows a summary of the hourly distribution of 
rain intensity during the day in the monsoon period. The 
time period with average rain fall rate for a day in a mon­
soon period been shown in Tab. 5. It is observed in this 
case that, rainfall rates higher than 100 mm/h must be 
taken into account in the period between 1 p.m. and 7 p.m. 
From a commercial point of view, this period covers im­
portant office labor hours from 1 p.m. to 5 p.m. and the 
beginning of prime time period from 6 p.m. to 7 p.m. As 
a reference to highlight rain effect in these hours, it must 
be pointed out that a rainfall rate of 160 mm/h corresponds 
to an attenuation of 40.4 dB in the 23 GHz link used in this 
paper [8], [9]. The margin relative to the maximum 
monthly attenuation evaluated previously was around 
7 dB ~ 8 dB. Clearly the ULPC solution cannot be used. 
Consequently, the frequency band diversity described 
earlier becomes the most indicated solution to overcome
Acknowledgments
The authors would like to acknowledge and express 
their sincere appreciation to the Technology University of 
Malaysia (UTM) and the Ministry of Higher Education 
(MOHE) for financing the research project under the Re­
search University Grant (RUG), title: Rain propagation 
studies and mitigation technique at 5.8 GHz and 26 GHz 
for point-to-point application, vote no. Q. J130000.7123. 
01H05.
References
[1] RECOMMENDATION ITU-R P.530-14 (02/2012), Propagation 
data and prediction methods required for the design o f terrestrial 
line o f  sight system. Geneva, February 2012.
R A D IO EN G IN E E R IN G , VO L. 23, NO. 2, JU N E 2014 757
[2] KVICERA, V., GRABNER, M., FISER, O. In Proceedings o f  the 
2011 11lh International Conference Propagation (ConTEL), 1 5 - H  
June 2011, p. 203-206
[3] LEITGEB, E., KANDUS, G., GHASSEMLOOY, Z. Assessment 
o f  FSO propagation models by means o f system test-beds and 
measurements. Final Report o f  WG3 o f  COST IC0802, Channel 
M odeling fo r  Free-Space Optical Systems and A irborne Terminals
[4] UL ISLAM, M. R., RAHMAN, T. A., RAHIM, S.K.A., AL- 
TABATABAIE, K. F., ABDULRAHMAN, A. Y. Fade margins 
prediction for broadband fixed wireless access (BFWA) from 
measurements in tropics. Progress in Electromagnetics Research 
C, 2009, vol. 11, p. 199-212.
[5] ASSIS, M. S. A new path distance factor for rain attenuation 
evaluation in terrestrial paths. In URSI Commission F  Triennial 
Open Symposium on Radiowave Propagation and Remote Sensing. 
Ottawa (Canada), April 30 -  May 3, 2013.
[6] CERQUEIRA, J. L., ASSIS, M. S. Diurnal variability o f rainfall 
rate in the Amazon region and its effect on the performance o f  low 
availability satellite systems. In URSI Commission F  Triennial 
Open Symposium on Radio Wave Propagation and Remote 
Sensing . Rio de Janeiro (Brazil), October 30 -  November 2, 2007.
[7] PARIMAL MAJITHIYA, Y., SISODIA, A. K., MURALIDHAR, 
V., GREG, V. K. Novel down link rain fade mitigation technique 
for Ka-band multi beam systems. Int. J. Satellite Communication 
Network. 2007, vol. 25, p. 45-51.
[8] ISLAM, M. R., RAHMAN, T. A., KHAN, S., KHALIFA, O., 
RASHID , M. M. The rain attenuation prediction methods from 10 
to 37 GHz microwave signals based on data measured in Malaysia.
In 3rd International Conference on Electrical & Computer 
Engineering ICECE 2004. Dhaka, (Bangladesh), 28th -30th 
December 2004, ISBN 984-32-1804-4 394.
[9] KESAVAN, U., RAHMAN, T. A., RAHIM, S.K.A., ISLAM MD. 
RAFIQUL, Propagation studies on rain for 5.8 GHz 7 23 GHz 
point to point terrestrial link. In International Conference on 
Computer and Communication Engineering (ICCCE 2012). Kuala 
Lumpur (Malaysia), July 2012.
[10] PANAGOPOULOS, A. D., ARAPOGLOU, P. D. M., COTTIS, P. 
G. Satellite communications at Ku, Ka and V bands: propagation 
impairments and mitigation techniques. IEEE Communications 
Surveys, 3rd Quarter 2004, vol. 6, no. 3.
[11] CARASSA, F., TARTARA, G., MATRICCANI, E. Frequency 
diversity and its applications. International Journal o f  Satellite 
Communications, 1988, vol. 6, p. 313 -322.
About Authors ...
Kesavan ULAGANATHEN was born in Malaysia. He 
obtained his bachelor’s and Master’s degree from the Uni­
versity Technology Malaysia in 1997 and 2005, respec­
tively. He is currently a full-time PhD research student at 
the Wireless Communication Centre (WCC), Faculty of 
Electrical Engineering, University Technology Malaysia 
(UTM), Malaysia. His research interests include radio­
propagation and rain-attenuation studies in tropical regions. 
Kesavan is currently working on development of 5.8 GHz
links as redundancy for 26 GHz links for terrestrial point- 
to-point microwave links in tropical regions.
Mohd. R. ISLAM was born in Bangadesh. He received his 
BSc (Electrical and Electronic Engineering) from BUET, 
Dhaka, in 1987. He received his MSc and PhD, both in 
Electrical Engineering, from UTM in 1996 and 2000, re­
spectively. He is a Fellow of the IEB and a member of the 
IEEE. He is currently a faculty member at the Electrical 
and Computer Engineering Department of the International 
Islamic University Malaysia. His areas of research are 
wireless channel modeling, radio link design, RF propaga­
tion measurement and modeling, RF design, smart anten­
nas, and array antenna design.
Tharek A. RAHMAN was born in Malaysia. He is a Pro­
fessor at the Faculty of Electrical Engineering, Universiti 
Teknologi Malaysia (UTM). He obtained his BSc in Elec­
trical & Electronic Engineering from the University of 
Strathclyde, UK, in 1979; his MSc in Communication 
Engineering from the UMIST Manchester, UK; and his 
PhD in Mobile Radio Communication Engineering from 
the University of Bristol, UK, in 1988. He is the Director 
of the Wireless Communication Centre (WCC), UTM. His 
research interests are radio propagation, antenna and RF 
design and indoor and outdoor wireless communication. 
He also has conducted various short courses related to 
mobile and satellite communication for the telecommuni­
cations industry and government bodies since 1990. He has 
vast teaching experience in areas of mobile radio, wireless 
communication systems, and satellite communication. He 
has published more than 120 papers related to wireless 
communication in national/international journals and con­
ferences.
Mauro S. ASSIS was born in Brazil. He graduated from 
the Pontifical Catholic University of Rio de Janeiro with 
a BSc EE in 1964 and a MSc EE in 1966. In 2000 he re­
ceived the Titre of Notorious Knowlegde (equivalent to 
Doctor degree) from the Military Institute of Engineering, 
Rio de Janeiro, Brazil. He is the co-founder of the Center 
for Studies in Telecommunications of the Catholic Univer­
sity (CETUC), being its Director from 1969 to 1979. From 
1979 to 1981 he was with Promon Engenharia as Consult­
ing Engineer, from 1981 to 1990 with EMBRATEL (Bra­
zilian Enterprize of Telecommunications), and from 1990 
to 2000 with the Federal Government (Ministry of Com­
munications and ANATEL -  National Agency of Tele­
communications). His research areas are radio wave propa­
gation and communication systems. His main topics of 
interest are: diffraction, radio-meteorology, rain attenua­
tion, ionospheric propagation and fixed and mobile com­
munication systems. Since retirement from the University 
in 2011, he has been working as an independent Consulting 
Engineer in the above areas. At present, he is also the 
President of the Brazilian Committee of URSI.
